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The o b j e c t i v e  o f  the  Program EC-77-A-31-1024, Heat o f  Fusion Energy 
Storage-Boi ler Tank, i s  t he  demonstrat ion of  heat -o f - fus ion  energy storage i n  
conta iner ized s a l t s .  The smal les t  s i z e  storage u n i t  t h a t  e f f e c t i v e l y  demon- 
s t r a t e s  the heat t r a n s f e r  problems associated w i t h  such storage, i s  about 
2 MWh. A proof-of-concept 2 MWh energy storage tank i s  c u r r e n t l y  under con- 
s t r u c t i o n  on the grounds o f  the Naval Research Laboratory i n  Washington, DC. 
This  energy storage u n i t  i s  the  l a rges t  heat-of- fusion storage u n i t  i n  the 
U. S. program. 
Fig.  1. Energy Storage B o i l e r  Tank a t  the Naval Research Laboratory 
F igure  1 shows the  energy storage s i t e  a t  the Naval Research Laboratory. 
The energy storage tank proper i s  being i n s t a l l e d  i n  the square b u i l d i n g  i n  
the r i g h t  center  o f  the p i c t u r e .  The roof cover ing the tank s i t e  i s  a weather 
s h i e l d  which can be removed by the l i g h t  gantry  crane. The B u t l e r  b u i l d i n g  i s  
used f o r  storage o f  Dacotherm i n s u l a t i o n ,  a l i gh t -we igh t  sodium s i l i c a t e  insu- 
l a t i o n ,  which surrounds the tank du r ing  operat ion.  The smal l  sheds near the 
tank are  e l e c t r i c a l  j u n c t i o n  boxes from which 150 kW o f  heater  power i s  made 
a v a i l a b l e  f o r  energ iz ing  the tank and from which power connect ions are  made t o  
the feedwater pump, the terphenyl  c i r c u l a t i o n  pump, an a i r  compressor used f o r  
Fig.  2. Cutaway view o f  2 MWh Energy Storage B o i l e r  Tank 
conveying the Dacotherm insu la t i on ,  and other  a u x i l i a r y  power purposes. The 
la rger  shed houses the compressor, feedwater pump, and c o n t r o l l e r .  The 
t r a i l e r  i s  used t o  house inst rumentat ion which w i l l  monitor temperatures, 
pressures, f l ow  ra tes ,  etc.,  connected wPth opera t ion  o f  the f a c i l i t y .  
F igure 2 shows the  energy storage b o i l e r  tank design. The tank i s  10.5 
f e e t  i n  diameter and 12 f e e t  h igh  t o  the  l e v e l  o f  the f langed r i ng .  A mating 
domed l i d  i n te r faces  w i t h  t h i s  f lange, increasing the i n t e r i o r  he ight  t o  15 
fee t .  The tank i s  l a r g e l y  f i l l e d  w i t h  conta iner ized s a l t .  The s a l t  cannis- 
t e r s  a re  4" i n  diameter, 19" h igh  and are  racked i n t o  hexagonal baskets f o r  
loading. The tank r e s t s  on a Foamglas base 2 f e e t  t h i c k ,  and i s  surrounded on 
i t s  s ide  by 40+ inches o f  Dacotherm insu la t i on .  I n s u l a t i o n  i s  adequate t o  
permi t  the tank t o  ho ld  i t s  heat f o r  more than 3 weeks. Energizat ion i s  pro- 
vided by e l e c t r i c a l  heater  elements embedded i n  aluminum cast ings.  Twelve 
such cas t ings  r e s t  on the bottom o f  the  tank and prov ide a t o t a l  i npu t  capa- 
c i t y  o f  180 kW. Power i s  brought i n t o  the  tank through h e r m i t i c  e l e c t r i c a l  
feedthroughs (Varian #9545009). I n t e r n a l  heat t r a n s f e r  i s  provided by about 
1600 kg o f  M-terphenyl heat t r a n s f e r  f l u i d  which i s  operated i n  a boi l ing-con- 
densing mode (M-terphenyl i s  the  major cons t i t uen t  o f  Monsanto's Therminol 88 
heat t r a n s f e r  f l u i d ) .  The l i d  o f  the tank contains a boi ler-superheater  
assembly. This assembly receives i t s  energy by condensation o f  M-terphenyl 
vapor. The boi ler-superheater  i s  expected t o  provide a peak power output  o f  
more than 500 kW. 
. A lso shown i n  Figure 2 i s  a p i t  located below tank l e v e l .  This p i t  i s  
the terphenyl pump p i t .  A hot  chemical c i r c u l a t i o n  pump i s  located i n  the 
bottom o f  the  p i t .  I t  receives l i q u i d  terphenyl from the  tank under g r a v i t y  
head. The chemical pump del  i v e r s  the 1 i q u i d  terphenyl t o  shower heads located 
above the s a l t  cans and sprays the  terphenyl over the  s a l t  cans dur ing  energy 
withdrawal periods. Evaporation o f  the l i q u i d  f i l m ' o f  terphenyl which coats 
the s a l t  tanks provides the  means by which heat i s  removed from the s a l t  cans 
dur ing  energy withdrawal.  
F ig.  3. Containment vessel o f  2MWh tank under cons t ruc t i on  
in NRL shop. 
F igure 3 shows the energy storage b o i l e r  tank under const ruc t ion  i n  the 
NRL shop. The tank has a two inch t h i c k  s tee l  base w i t h  r e i n f o r c i n g  r i b s .  
The tank w a l l s  are h a l f  inch m i l d  s tee l .  The tank i s  o f  normal welded con- 
s t r u c t i o n .  
Fig.  4. S a l t  cans f o r  2 MWh tank. 
Steel  cans p lay  an 
important r o l e  i n  the  
energy storage b o i l e r  
tank. These cans, which 
must conta in  molten eu- 
t e c t i c  s a l t ,  make use o f  
welded seams i n  the 
forming o f  the  can 
bodies. The cans t o  be 
used i n  the 2 MWh tank 
were procured from 
El  1 i sco  Corporat ion, 
F ig .  4. The screw-on 
caps prov ide  p r o t e c t i o n  
dur ing  s a l t  warehousing, 
bu t  conta in  breath ing  
holes t h a t  open a t  oper- 
a t i n g  temperature. 
Fi.g, 5.. Calculated temperature growth i:nside 
superheater. 
F ig .  5 shows the  
ca l cu la ted  temperature 
growth i n  the steam as 
i t  f lows through the  
superheater. The f i g u r e  
permi ts  c a l c u l a t i o n  o f  
output  steam temperature 
f o r  var ious energy w i t h -  
drawal ra tes .  The 
superheater i n  the 2MWh 
tank i s  60 f e e t  long. 
A t  1000 kW energy w i t h -  
drawal an output  temper- 
a tu re  o f  350°C i s  pre-  
d ic ted .  The b o i l e r -  
superheater assembly 
cons is ts  o f  12 4- inch 
b o i l e r  tubes i n  p a r a l l e l  
feeding a s i n g l e  super- 
heater 1 i ne. Energy 
t r a n s f e r  t o  the b o i l e r -  
superheater assembly i s  
1 i m i  t ed  p r imar i  l y  by 
thermal conduct ion 
through the f i l m  o f  
TABLE 1 - Speci f icat ions;  2 MWh Tank 
l TEM 
7 
VALUE 
-
Storage Characteqi s t  i cs 
Storage ~ a p a c i  t y  [a) 
Max Energy Input  Rate 
Min F i l l  Time 
Design Output Rate 
Design Energy Withdrawal Time 
Heat Loss t o  Environment 
Energy Hal f - L i  f e  
Tank Conf igurat ion 
l ns ide  Diameter 
l ns ide  Height t o  Flange 
lns ide  Height t o  Dome 
Containerized S a l t  
S a l t  Mass 
No. Cans 
Can Diameter 
Can Height 
Can Volume 
S a l t  Mass Per Can 
Heat F lux  I n t o  S a l t  
Can Sidewal l  Area 
Heat Flow Density @ 150 kW a t  Can 
Wall 
Temperature Drop Through 4 cm o f  
sa 1 t (c) 
Terphenyl C i r c u l a t i o n  
Terphenyl Content 
 ask ~ l b w  Rate @ 150 kW 
Condensat ion  Rate @ 15 
Per fec t  Gas Density 
? fW Vapor Pressure @ 3650C 
Gas Volumetr ic Flow 
Flow Ve loc i t y  f o r  10% Open Area 
Steam System 
Steam Pressure 
1.82 MWht = 6.55 G J  = 6 . 2 ~ 1 0 6 ~ ~ ~  
150 kW 
12.1 h 
150 kW 
12.1 h 
3000 W est imated 
25 days 
3.18 m (10.4 f t)  
3.66 m (12.0 f t) 
-4.6 m (-15 f t )  
27 T (metr ic)  
4000 
4" = 10.2 cm 
18.2" = .46 m 
3.75 l i t e r  
6.82 kg ( l i q u i d  dens i ty  = 1.82 
gcm-3) (b) 
1.6 T (metr ic)  
.54 kg s-1 
.68 l i t e r  s-1 o f  l i q u i d  (10.7 gpm) 
100 kPa (1.0 atm, 14.7 ps ia)  
4.40 g l i t e r - 1  
. I23 m3 s'l 
.IS m s-1 (.05 f t  s'l) 
5.4 MPa (800 p s i  ) 
Steam Temperature 3 7 1 0 ~  ( 7 0 0 0 ~ ) '  - 
Steam Output (@ 150 kW Withdrawal) .05 kg  s - I  (393 l b  hr-1) 
Water Feed Temperature 21% (71OF) 
Water Flow Rate .05 l i t e r  s-1 (.8 gpm) 
(a) S a l t  heat-of - fus ion on ly .  
(b) Based on observed pour l e v e l  i n  cans which are  subsequently weighed. 
(c) Based on k = .87 W m-1. Ref. radius = 3 cm. 
(d) Handbook o f  Chemistry and Physics, 48th e d i t i o n ,  p. C-560 (1967). 
terphenyl condensate which c o n t i n u a l l y  forms on the b o i l e r  components; t o  a 
lesser  ex tent  heat t rans fe r  i s  l i m i t e d  by heat f l ow  across the  metal-steam 
i n t e r f a c e  i n  the steam superheater tube. 
Spec i f i ca t ions  f o r  t he  tank are  shown i n  Table 1. Heat-of-fusion storage 
provides 90% o f  the  2 MWh ra ted storage capaci ty .  The spec i f i ed  energy w i t h -  
drawal r a t e  i s  150 kW, corresponding t o  an output  o f  800 p s i  superheated steam 
of  180 kg hr' l  (393 lbs  hr ' l ) .  A maximum steam output  r a t e  o f  more than 600 
kg hr-1, i .e. 500 kW, should be achieved. 
It i s  expected t h a t  the  energy storage b o i l e r  tank w i l l  be i n s t a l l e d  on- 
s i t e  w i t h i n  the  next  couple o f  months. It i s  hoped t o  i n i t i a t e  heat t r a n s f e r  
t e s t s  l a t e r  i n  the  w in ter .  I n s t a l l a t i o n  o f  the  s a l t s  w i l l  probably occur dur- 
i ng  the spr ing  o f  1980, w i t h  energy storage runs beginning s h o r t l y  the rea f te r .  
A d e t a i l e d  repor t  i s  i n  preparat ion.  
